IMPORTANCE When combusted indoors, solid fuels generate a large amount of pollutants such as fine particulate matter.
W orldwide, it has been estimated that more than 2.7 billion individuals were using solid fuels for domestic purposes in 2015, mostly in low-and middleincome countries including China, where an estimated 450 million people still heavily rely on solid fuels, which include biomass (eg, wood, charcoal, and dung) and coal. 1 When combusted indoors, solid fuels generate a large amount of pollutants such as fine particulate matter (PM 2.5 ). 2, 3 Using interpolation from risk estimates of PM 2.5 for cardiovascular death, the recent report from the Global Burden of Disease Study 4 estimated that household air pollution from solid fuel use accounted for about 2.5 million deaths in 2016. However, reliable epidemiological evidence remains scarce, especially on the association between solid fuel use and cardiovascular mortality. Most of the previous studies were cross-sectional or case-control in design, 5 and to date, only 2 prospective studies, each with moderate size and involving a single geographical location, have examined the associations of solid fuel use with cardiovascular and allcause mortality, with inconsistent findings. 6, 7 Moreover, to our knowledge, few studies have examined solid fuel use for cooking and heating separately, which are different in exposure patterns. 8, 9 Furthermore, it remains unclear whether mortality risk associated with solid fuel use, if any, is lower among adults who had switched from solid to clean fuel use or used appropriate ventilation (eg, ventilated cookstoves) . This nationwide prospective cohort study examined the association of solid fuel use with risk of cardiovascular and all-cause mortality in rural China.
Methods

Study Design
The China Kadoorie Biobank was approved by the ethics committees of the University of Oxford (Oxford, United Kingdom), the Chinese Center for Disease Control and Prevention, and the Chinese Academy of Medical Sciences. All participants provided written informed consent. Details of the study design, methods, and participant characteristics have been previously reported. 10, 11 Briefly, between June 2004 and July 2008, 512 891 participants aged 30 to 79 years were recruited from 10 areas of China (5 rural and 5 urban, defined according to governmental administrative structure), and the study areas were selected from China's nationally representative Disease Surveillance Point system. Overall, 1 801 167 registered residents aged 35 to 74 years and without known major disability in these study areas were invited, of whom 502 176 participated in the baseline survey (response rate, 33% in rural areas and 27% in urban areas), and another 10 715 people outside the targeted age range who came to the survey clinics were also included, making the actual baseline age range 30 to 79 years. Trained health workers administered a standardized electronic questionnaire to collect information on sociodemographic characteristics (age, sex, education level, and household income), lifestyle behaviors (smoking, passive smoking, alcohol consumption, diet, and physical activity), household air pollution exposures (details described here), and personal medical history. The laptop-based questionnaire used stringent logic and error checks to minimize missing values and data errors. A range of physical measurements (height, weight, waist circumference, and blood pressure) were performed following standard procedures previously described, [11] [12] [13] and onsite random blood glucose was tested using the SureStep Plus System (Johnson & Johnson) . After completion of the baseline survey, about 4% (n = 19 788; 11 627 rural and 8161 urban) of the original participants were randomly selected for a resurvey, collecting the same information as baseline, from July to October 2008 after a mean interval of 2.7 years after baseline (response rate, 84% in rural areas and 75% in urban areas).
Assessment of Solid Fuel Exposure
Each participant was asked to provide detailed information about exposure to household air pollution related to cooking frequency, use of heating, and cookstove ventilation (chimney or extractor fan/hood) for up to their 3 most recent residences, and the duration (in years) lived in each residence (further details are available from the study website: http://www .ckbiobank.org). Participants who reported cooking at least monthly and those who used heating in winter were asked additional questions about the primary fuel type used, which included gas, electricity, coal, wood/charcoal, and other unspecified fuels, plus "central heating" (a system generating heat in a centralized location distant from residential areas and distributing the heat to individual households via underground hot water or steam pipes). If more than 1 fuel type was used at any residence, only the 1 used most frequently was recorded. Wood and charcoal were collectively addressed as "wood" in this study because of their common wood-based origin and emission similarities. 3 Coal and wood were considered "solid fuels," while gas and electricity were considered "clean fuels" because they tended to generate much less air pollution than solid fuels, along with central heating.
14 Questions about the availability of ventilation facilities were only asked in relation to cookstoves because heating was generally conducted with minimal ventilation to retain warmth.
Key Points
Question What is the association of long-term solid fuel use for cooking and heating with risk of cardiovascular and all-cause mortality in China, and the relevance of switching from solid to clean fuels and use of ventilation to this association?
Findings In this prospective cohort study of 271 217 adults, self-reported solid fuel use was associated with significantly higher risks of cardiovascular mortality (hazard ratio, 1.20 for cooking; 1.29 for heating) and all-cause mortality (hazard ratio, 1.11 for cooking; 1.14 for heating). Lower risks were observed among solid fuel users who reported having switched to clean fuels before the study baseline or using ventilation.
Meaning Solid fuel use was significantly associated with increased risks of cardiovascular and all-cause mortality; these risks may be lower among those switching from solid to clean fuels or using ventilation.
Participants who cooked less than monthly were considered as noncooking, and those who cooked weekly or more were further classified into 2 groups according to the primary cooking fuel (ie, solid fuels or clean fuels) used in the baseline residence. Similarly, those who used heating were divided into 2 groups according to the primary heating fuel used. To approximate long-term exposure, the duration of continuous exposure to solid fuel for cooking or heating was calculated separately by aggregating the duration lived in consecutive residences during which solid fuels were primarily used.
For sensitivity analysis, a weighted duration of exposure was also calculated by multiplying a weight coefficient with reported duration of solid fuel use, according to cooking frequency or the proportion of heating months per year in each study area, where appropriate. For cooking, the weight coefficients were 0.5 for weekly and 1.0 for daily. For heating, the weight coefficients were 0.19 for Sichuan, 0.42 for Gansu, 0.27 for Henan, and 0.18 for Hunan, calculated by aggregating the number of months during which the average temperature was less than 8°C in each area from 1999 to 2013, 15 then dividing the aggregate number by 180 months (the total number of months during these 15 years). Using information of fuel use in the 3 most recent consecutive residences collected at baseline, this study also examined self-reported switching from solid to clean fuel use, which involved participants who were using clean fuel in the baseline residence but having used solid fuel in 1 or more earlier residence(s). A more detailed description of the exposure assessment is provided in the eAppendix in the Supplement.
Follow-up and Outcome Measures
Information on cardiovascular and all-cause mortality was collected regularly from baseline until January 1, 2014, through linkages, via a unique national identification number, with China's Disease Surveillance Point system, 16 supplemented by health insurance database and annual active validation of survival using local residential and administrative records. Causes of death were classified by trained staff blinded to baseline information following the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision.
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For the small number of deaths (<5%) that occurred without medical attention prior to death, standardized verbal autopsy was conducted by trained health care workers to determine the probable causes of death from symptoms or signs described by family members or caregivers. 16 The main outcomes in analyses of this study were death from cardiovascular disease (I00-I25, I27-I88, and I95-I99), its main components including ischemic heart disease death (I20-I25), stroke death (I60-I61 and I63-I64), other cardiovascular death, and all-cause mortality.
Statistical Analysis
This study included participants from 5 rural areas (n = 286 705; eFigure 1 in the Supplement) among whom solid fuels were commonly used. Participants aged younger than 35 years (n = 5891) were excluded because no deaths were documented in the reference group (clean fuel users) of this age group. Participants with self-reported physician-diagnosed coronary heart disease, stroke, or transient ischemic attack (n = 8578), and those who reported unreliable recall information (ie, the total number of years of residence in their 3 most recent residences was greater than their baseline age, n = 2132) were also excluded. After these exclusions (1113 participants met multiple exclusion criteria), 271 217 participants remained, and among them, 10 892 participated in the resurvey. Baseline characteristics of the study population are described as means with SDs or percentages by categories of cooking and heating exposure, with adjustment for age, sex, and study areas where appropriate. The reproducibility of cooking and heating exposure was assessed using a weighted κ statistic 17 in the subsample with complete exposure information at baseline and resurvey. The mortality rate per 100 000 person-years was adjusted for age, sex, and study areas, and the absolute rate difference (ARD) was calculated as the adjusted mortality rate of the exposed group minus that of the reference group. Cox proportional hazards regression models were used to calculate hazard ratios (HRs) and 95% CIs for cardiovascular (overall and subtypes) and all-cause mortality in relation to solid fuel use as compared with clean fuel use, for cooking and for heating separately. All Cox regression models were stratified by age at risk (in 5-year intervals), sex, and study areas (5 groups for cooking-related analyses; 4 groups for heating-related analyses). Further adjustment for established risk factors included smoking status; passive smoking; alcohol consumption; body mass index (continuous); physical activity level (metabolic equivalent of tasks hours/day; continuous); variables related to socioeconomic status, including education, household income, and diet (consumption of preserved vegetables, fresh fruit, meat, fish, dairy, rice, poultry, and eggs); and cookstove ventilation (yes and no). In addition, cooking and heating exposures were mutually adjusted for in the final models. All analyses were performed with reported fuel use at baseline. The associations of long-term fuel use with cardiovascular and all-cause mortality risk were assessed by comparing participants who reported fewer than 20 years, 20 to 39 years, and 40 or more years of solid fuel use (cutoffs rounded from the tertiles of 21 and 39 years for cooking), with those always using clean fuels, separately for cooking and heating. Analyses were repeated using weighted duration of reported solid fuel use, with weights assigned as previously described. Mortality risk was also compared between participants who reported having previously switched from solid to clean fuels and persistent solid fuel users, and between those who reported solid fuel use with ventilation and those without.
The additive interactions of solid fuel use with cigarette smoking (ever/never) were examined by calculating the HRs in association with combined exposure (ever smoking plus solid fuel use, as compared with never smoking plus clean fuel use [reference group]). The significance of additive interaction was indicated by a value of the relative excess risk due to interaction greater than zero. 18 The combined exposure to solid fuel use for cooking and heating was examined similarly among the subgroup of participants who reported both regularly cooking and heating (n = 107 600, 40% of the study population).
Several sensitivity analyses were conducted to test the robustness of the results: (1) further adjusting for potential confounders including survey season, occupation, self-reported health status, and family history of cardiovascular disease; (2) excluding participants taking antihypertensive treatment; (3) excluding participants using clean fuels for less than 10 years who might have more recent previous exposure to solid fuels; and (4) excluding events occurring during the first 2 years of follow-up to scrutinize the possibility of reverse causation.
Comparison between adjusted HRs for the first 4 years and for the subsequent years of follow-up revealed no evidence of departure from the proportional hazards assumption for all analyses. For all analyses with 3 or more exposure categories, the floating absolute risk method was used to estimate groupspecific 95% CIs, which enabled the comparisons across different exposure categories.
19 Detailed information about the statistical analyses is provided in the eAppendix in the Supplement. Two-sided P values were used and P < .05 denoted statistical significance. All analyses were performed using SAS version 9.3 (SAS Institute Inc), and graphs were plotted using R version 3.4.2 (R Foundation).
Results
Characteristics of Study Participants
Of the 271 217 participants, the mean (SD) age was 51.0 (10.2) years and 59% were women. Overall, 66% and 60% of the participants reported regular cooking and winter heating, respectively, of whom 84% and 90% reported solid fuel use at baseline ( Table 1) . In general, solid fuel users for cooking and for heating were both older, more likely to be women, and had lower education level and household income compared with clean fuel users. Smoking was less prevalent among those reported to cook with solid fuels but similar across all heating categories (Table 1) . Across the 5 rural areas, the proportion of participants using solid fuels varied from 36% (Zhejiang) to 64% (Hunan) for cooking, and 0% (Zhejiang) to 95% (Gansu) for heating (eTable 1 in the Supplement). No major differences were found between the participants in the baseline survey and those in the resurvey (eTable 2 in the Supplement). In the resurvey, 78.4% and 84.1% of the participants reported the same category of exposure from cooking and heating, respectively, as at baseline. The weighted κ value was 0.62 for cooking and 0.64 for heating (eTable 3 in the Supplement). Table 2 ). Higher risks were also observed in association with reported coal use and wood use, when these fuel types were examined separately, except that statistical significance was not achieved for reported coal use (eFigure 2 in the Supplement). These associations were also consistent across study areas (P >. 05for heterogeneity; eFigure 3 in the Supplement). Moreover, the associations were similar for different subtypes of cardiovascular mortality (Table 2) . Participants with longer self-reported duration of solid fuel use had higher risks of cardiovascular and all-cause mortality (P < .001 for trend; Figure 1 ). For cooking, the ARDs for cardiovascular mortality were 110 (95% CI, −4 to 224), 95 (95% CI, −9 to 199), and 179 (95% CI, 74-284) among those who reported fewer than 20, 20 to 39, and 40 or more years of solid fuel use compared with those always using clean fuels, and the adjusted HRs were 1.50 (95% CI, 1.36-1.65), 1.49 (95% CI, 1.39- Table 3 ).
Association of Solid
There were additive interactions of solid fuel use and smoking for both cardiovascular and all-cause mortality, with the risk highest among ever smokers who also used solid fuel for cooking for cardiovascular mortality (ARD, 270 [95% CI, ; HR, 1.76 [95% CI, ) and for allcause mortality (ARD, 691 [95% CI, ; HR, 1.52 [95% CI, 1.46-1.58]) compared with never smokers using clean fuels (both P < .001 for additive interaction). For heating, the corresponding ARDs were 280 (95% CI, 152-408) and 774 (95% CI, 556-992), and the HRs were 1.90 (95% CI, 1.76-2.05) and 1.72 (95% CI, 1.63-1.81), respectively (P = .046 and .20 for additive interaction, respectively) ( Figure 2) . Similarly, the risks were higher among those who reported Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); MET, metabolic equivalent of tasks.
a Data were adjusted for age, sex, and study areas for all factors except age, sex, smoking, and drinking. Data for age were adjusted for sex and study areas, and that for sex, smoking, and drinking were adjusted for age and study areas. Empty cells represent no information on cookstove ventilation for heating. Clean fuels included electricity, gas, or central heating (for heating only); wood included wood and charcoal.
b Not cooking regularly denotes cooking monthly or less. Participants with unspecified fuel type (n = 2401) were excluded from the analysis.
c Participants from Zhejiang were excluded (n = 56 813) because only 0.6% of residents in Zhejiang reported heating at baseline. Participants with unspecified fuel use (n = 1793) were also excluded.
d Participants included in the data reported in the last column were those after exclusions of those aged younger than 35 years (n = 5891); those who self-reported physician-diagnosed coronary heart disease, stroke, or transient ischemic attack (n = 8578); and those who reported unreliable recall information (n = 2132), and not excluding those with unspecified fuel use and noncooking or nonheating participants.
e At the exchange rate as of January 2018, 100 yuan is approximately equal to US $15. solid fuel use for both cooking and heating compared with those who reported using solid fuels for either (P <. 01for additive interaction; eFigure 5 in the Supplement).
In the sensitivity analyses of additional adjustment for survey season, occupation, self-rated health status, and family history of cardiovascular disease-and that of excluding those taking antihypertensive treatment, excluding those using clean fuels for less than 10 years, or excluding events occurring during the first 2 years of follow-uphigher risks were also observed for cardiovascular and allcause mortality, although significance was not achieved when examining subtypes of cardiovascular death (eTables 4and5intheSupplement).
Discussion
This large prospective cohort study found that in rural China, adults reporting the use of solid fuels for cooking and heating, particularly those who used for a longer duration, had higher risks of cardiovascular and all-cause mortality compared with clean fuel users. Among participants who reported having previously switched from solid to clean fuels before baseline, the risks were significantly lower compared with persistent solid fuel users for both cooking and heating. In addition, solid fuel users withventilation for cookstoves also had lower mortality risks compared with those without. The mortality rate per 100 000 person-years was adjusted for age, sex, and study areas, and the rate difference was calculated as the adjusted mortality rate of the exposed group minus that of the reference group. Among the 271 217 participants, 15 468 death events were documented, including 5519 cardiovascular deaths (ischemic heart disease deaths: 1687; stroke deaths: 3027; and other cardiovascular deaths: 805).
c Basic adjustment refers to hazard ratios stratified for age at risk, sex, and study areas.
d Hazard ratios were stratified according to age at risk, sex, and study areas, and they were adjusted for education level, income, alcohol consumption, smoking status, passive smoking, physical activity, body mass index, diet (consumption of fresh fruit, preserved vegetables, meat, fish, diary, rice, poultry, and eggs), and cookstove ventilation.
To our knowledge, only 2 prospective studies to date have examined the associations of solid fuel use with mortality risk. , and 93 520 (667 071), respectively. The mortality rate per 100 000 person-years was adjusted for age, sex, and study areas, and the rate difference was calculated as the adjusted mortality rate of the exposed group minus that of the reference group. Hazard ratios were stratified according to age at risk, sex, and study areas, and adjusted for education level, income, alcohol consumption, smoking status, passive smoking, physical activity, body mass index, diet (consumption of fresh fruit, preserved vegetables, meat, fish, dairy, rice, poultry, and eggs), cookstove ventilation, and cooking and heating exposures, where appropriate. The floating absolute risk method provides the variance of the logarithm of the hazard ratio for each category (including the reference category) to facilitate comparisons across the different exposure categories. The boxes represent hazard ratios, with the size inversely proportional to the variance of the logarithm of the hazard ratio, and the horizontal lines represent 95% CIs. that solid fuel use for cooking and heating were both associated with higher risks of cardiovascular mortality, with similar excess risk for coal and wood use. In addition, there was a positive association between solid fuel use for heating and mortality risk, which has not been previously investigated independently. This study found that longer duration of solid fuel use was associated with higher risk of cardiovascular and all-cause mortality, and these risks were lower in those who had switched from solid to clean fuels. The Shanghai Women's Study had a similar finding that mortality risk was also higher among participants with longer duration of coal use, although with much smaller risk estimates, possibly owing to the fact that 99% of the participants had ceased coal use at baseline. 6 In addition, this study found new evidence that the use of cookstove ventilation was associated with lower mortality risks. The cost of installing ventilation facilities is relatively lower compared with a complete switch to using clean fuels. Evidence from intervention studies also suggests that well-ventilated cookstoves could effectively lower an individual's exposure from household air pollution 20-23 and reduce levels of cardiovascular risk factors, 20, 22, 23 although these trials were of short duration and did not measure morbidity or mortality end points. The findings of this study may have important public health significance because improving ventilation is often a more feasible alternative to clean fuel substitution and should be promoted in lower-income countries, which might reduce the disease risks associated with solid fuel use. The exact mechanisms through which solid fuel use may contribute to mortality risk are not well understood. Burning of solid fuels releases substantially higher levels of various gaseous pollutants and PM 2.5 than clean fuel, 2, 9, 24 and it might The mortality rate per 100 000 person-years was adjusted for age, sex, and study areas, and the rate difference was calculated as the adjusted mortality rate of the exposed group minus that of the reference group.
Solid Fuel Use and Mortality Risk in Rural China
c Hazard ratios were stratified according to age at risk, sex, and study areas, and adjusted for education level, income, alcohol consumption, smoking status, passive smoking, physical activity, body mass index, diet (consumption of fresh fruit, preserved vegetables, meat, fish, diary, rice, poultry, and eggs), cookstove ventilation, and cooking and heating exposures, where appropriate.
d Participants who always used clean fuels for cooking (n = 11 084) and for heating (n = 9060) were excluded from the cooking-or heating-related analyses, respectively. Among participants who reported using clean fuels in the present residence, those who reported use of solid fuels and "other unspecified fuels," respectively, in each of the 2 previous residences (n = 45 for cooking and n = 37 for heating) were also classified as "solid to clean. increase cardiovascular disease and mortality risk through pathways such as cardiac autonomic dysfunction and atherothrombosis. 25 These postulated mechanisms are supported by several cross-sectional studies in which exposure to household air pollution from solid fuel combustion was associated unfavorably with various cardiovascular risk In the analyses of fuel use for heating, this study excluded participants from Zhejiang (n = 56 813) where heating was rarely reported (0.6%), those who reported nonheating (n = 50 522), and those who reported unspecified fuel use (n = 1793), leaving 162 089 participants for the analysis. The corresponding numbers of participants (and person-years) were 9412 (66 552), 98 640 (714 999), 5405 (37 308), and 48 632 (345 160), respectively. The mortality rate per 100 000 person-years was adjusted for age, sex, and study areas, and the rate difference was calculated as the adjusted mortality rate of the exposed group minus that of the reference group. The relative excess risk due to interaction was 0.03 (95% CI, 0.00-0.06) for cardiovascular mortality and −0.02 (95% CI, −0.05 to 0.01) for all-cause mortality. Hazard ratios were stratified according to age at risk, sex, and study areas, and adjusted for education level, income, alcohol consumption, smoking status, passive smoking, physical activity, body mass index, diet (consumption of fresh fruit, preserved vegetables, meat, fish, dairy, rice, poultry, and eggs), cookstove ventilation, and cooking and heating exposures. The floating absolute risk method provides the variance of the logarithm of the hazard ratio for each category (including the reference category) to facilitate comparisons across the different exposure categories. The boxes represent hazard ratios, with the size inversely proportional to the variance of the logarithm of the hazard ratio, and the horizontal lines represent 95% CIs. factors. [26] [27] [28] Furthermore, these impairments associated with solid fuel use is analogous to those related to cigarette smoking, 3, 25 which might explain the observations that combined exposure to solid fuel use and smoking was associated with a significantly higher mortality risk.
Apart from the large sample size, the main strengths of this study also include the prospective design and the inclusion of participants from 5 diverse rural areas, thereby permitting detailed examination of the association between solid fuel use and mortality risk in different settings. Moreover, to our knowledge, this study is the first to assess the mortality risk associated with cooking and heating separately, their additive interactions with smoking, switching from solid fuels to clean fuels, and use of appropriate ventilation.
Limitations
This study has several limitations. First, self-reported fuel use was used as a proxy for household air pollution exposure, which could vary by level and efficiency of ventilation, climate, and fuel properties. 2, 3 Direct measurement of household air pollution exposure (like PM 2.5 ) was not feasible at baseline in this study, but future resurveys might include objective assessment in subsets of the participants to improve exposure assessment. Second, there was some disagreement of reported fuel use between baseline and resurvey, which was likely due to both random measurement error and actual changes over time. Nevertheless, the reproducibility was reasonably good based on the weighted κ values. Furthermore, random errors in reported fuel use could lead to underestimation of the associated risk due to regression dilution bias. 29 Third, domestic fuel choice is closely related to socioeconomic status, which itself is associated with the risk of cardiovascular and all-cause mortality. [30] [31] [32] Despite extensive adjustment for related variables (education level, household income, and various dietary variables) in this study, residual confounding remains likely.
Conclusions
In rural China, solid fuel use for cooking and heating was associated with higher risks of cardiovascular and all-cause mortality. These risks may be lower among those who had previously switched to clean fuels and those who used ventilation. 
eAppendix. Supplementary Methods
Assessment of Solid Fuel Use
At baseline, all participants were asked about the duration (in years) they lived in the present/previous/before previous residence. A small proportion (n=2,132) of participants reported a greater total number of years living in the three residences than their baseline age and were excluded from all analyses.
For cooking, participants were asked "In the present/previous/before previous house, how often did you cook at home?" (Single choice allowed; daily, weekly, monthly, never/rarely, and no cooking facility). The participants who selected the first three categories were further asked "What is the main cooking fuel used?" (Single choice allowed; gas, electricity, coal, wood/charcoal, and other unspecified fuels). In this study, those who cooked monthly or less were grouped as "not cooking regularly", and participants who reported cooking weekly or daily were classified according to the primary fuel type reported. The participants were also asked "In your present house/ previous/before previous house, do your cook-stove(s) all have a chimney/extractor?" (Single choice allowed; yes, not all stoves, no) following the questions on cooking fuels. The participants who selected the first two categories were defined as having at least some ventilated cookstoves.
For heating, participants were asked "In winter, do you normally heat your present/previous/before previous house?" (Yes or no). The participants who answered yes were further asked "If yes, what was the main heating fuel used in your house?" (Single choice allowed; gas, central heating, electricity, coal, wood/charcoal, and other unspecified fuels). Central heating refers to heating by piped water or steam transported from a remote boiler to individual households.
Participants from Zhejiang (n=56,813) were excluded from heating-related analyses, as heating was rarely reported (n=341, 0.6%) among them.
In each residence, if the participant used more than one type of fuel for cooking or heating, the fuel used most frequently was recorded as the primary fuel. Gas, electricity, and central heating were considered as clean fuels while coal and wood were considered as solid fuels. Participants who reported using other unspecified fuel were excluded from all analyses (n=2,401 and n=1,793, respectively, excluded from cooking-and heating-related analyses).
Duration of Solid Fuel Use
The duration of solid fuel use for cooking and heating was calculated based on the duration the participant reported living in each residence. It was assumed that the primary fuel used had not changed during the time period lived in each residence. Based on this assumption, if a participant reported using solid fuels in his or her present residence, the duration of solid fuel use for cooking was calculated by aggregating the time (in years) lived in consecutive residences during which this fuel was used as the primary cooking fuel. The duration of solid fuel use for heating was calculated the same way.
For example, assume that a participant reported having lived in his three most recent residences for 20, 15 and 10 years, respectively. The corresponding cooking frequencies were weekly, daily and weekly when living in these three residences, the cooking fuels were coal, wood and coal, and the heating fuels were wood, coal and coal. For cooking, the duration of solid fuel use equals to 20 + 15 + 10 = 45 years. For heating, the duration of solid fuel use equals to 20 + 15 + 10 = 45 years.
Weighted Duration of Solid Fuel Use
The duration of solid fuel use for cooking was weighted on cooking frequency, following the steps outlined below:
1. A weight coefficient was assigned to each cooking frequency group, namely 0.5 to 'weekly' and 1.0 to 'daily'.
2. The weighted duration of solid fuel use for cooking was derived using the self-reported total number of years lived in each residence multiplied by the assigned weight coefficient. For example, assume that a participant reported having lived in his three most recent residences for 20, 15 and 10 years, respectively. The corresponding cooking frequencies were weekly, daily and weekly when living in these three residences, and the corresponding cooking fuels were coal, wood and coal. In this case, the duration of solid fuel use would equal to 0.5*20 + 1.0*15 + 0.5*10 =30 years.
The duration of solid fuel use for heating was weighted according to the average number of months per year during which the average temperature in each study area was under 8 degrees Celsius, following the steps outlined below: 
Detailed Statistical Analysis
After excluding the participants who had self-reported physician-diagnosed coronary heart disease, stroke or transient ischemic attack (n=8,578), those who reported total residence time living in the three most recent residences longer than baseline age (n=2,132) and those who were aged <35 years (n=5,891) at baseline, 271,217 remained (1,113 participants met multiple exclusion criteria). In the analyses of fuel use for cooking, 91,265 participants not cooking regularly and 2,401 participants who reported unspecified fuel use were further excluded. In the analyses of fuel use for heating, 50,522 non-heating participants, 1,793 participants who reported unspecified fuel use, and participants from Zhejiang (n=56,813) where heating was rarely reported (0.6%) were further excluded. As a result, the cooking-related analyses involved 177,551 participants, and the heating-related analyses involved 162,089 participants. Weighted Kappa was calculated to evaluate the reproducibility of cooking and heating exposure categories. Baseline characteristics were described as means and standard deviations or percentages by categories of cooking and heating exposure, with adjustment for age, sex and study areas as appropriate, via direct standardization.
Adjusted hazard ratios (HRs) for the first four years and for the subsequent years of follow-up were compared, and no evidence of departure from the proportional hazards assumption was observed for cardiovascular and all-cause mortality. Mortality rate per 100,000 person-years were adjusted for age, sex and study areas, and the absolute rate difference (ARD) was calculated as the adjusted mortality rate of the exposed group minus that of the reference group. Cox proportional hazards regression models were used to calculate HRs and 95% confidence intervals (CIs) for cardiovascular (overall and subtypes) and all-cause mortality in association with baseline solid fuel use as compared with clean fuel use for cooking and for heating separately. Cox models were stratified by age-at-risk (in 5-year intervals), sex, and study areas (5 groups for cooking-related analyses; 4 groups for heating-related analyses), and further adjusted for established mortality risk factors including smoking status, passive smoking, alcohol consumption, body-mass index (continuous), and physical activity level (metabolic equivalent of tasks hours/day [MET-hour/day]; continuous), variables related to socio-economic status including education, household income, and diet (consumption of preserved vegetables, fresh fruit, meat, fish, dairy, rice, poultry, and eggs), and cookstove ventilation (yes and no). In addition, cooking and heating exposures were mutually adjusted for in the final models. All analyses were performed using reported fuel use at baseline.
Sensitivity analyses were conducted by 1) further adjusting for potential confounders including survey season, occupation, self-reported health status, family history of cardiovascular disease; 2)
excluding participants on anti-hypertensive treatments at baseline (n=8,972); 3) excluding participants who used clean fuels for <10 years (Cooking: n=11,651; heating: n=6,403); and 4) excluding events that occurred within the first two years of follow-up, respectively. Additional analysis on the weighted duration of continuous exposure to solid fuel use for cooking and heating was conducted, as discussed in the previous session. Two-sided P values were used and P < .05 denotes statistical significance. All analyses were performed using SAS 9.3 (SAS Institute Inc, Cary, NC), and graphs were plotted using R 3.4.2. "Clean" refers to clean fuels (i.e. electricity, gas, or central heating [for heating only]); "Solid" refers to solid fuels (i.e. coal, wood, or charcoal). Mortality rate per 100,000 person-years were adjusted for age, sex and study areas, and the rate difference was calculated as the adjusted mortality rate of the exposed group minus that of the reference group.
Hazard ratios were stratified according to age-at-risk, sex, and study areas and adjusted for education level, income, alcohol consumption, smoking status, passive smoking, physical activity, body-mass index, diet (consumption of fresh fruit, preserved vegetables, meat, fish, dairy, rice, poultry, eggs), and cookstove ventilation. The number of participants (and person-years) included in the analysis were, from clean fuels for both cooking and heating to solid fuels for both : 3,631 (25,545), 6,458 (45,462), 1,950 (13,816), and 92,289 (669,897) . The relative excess risk due to interaction was 0.17 (95% CI, 0.06-0.27) for cardiovascular mortality, and 0.40 (95% CI, 0.06-0.73) for all-cause mortality. The floating-absolute-risk method provides the variance of the logarithm of the hazard ratio for each category (including the reference category) to facilitate comparisons across the different exposure categories. 2 The boxes represent hazard ratios, with the size inversely proportional to the variance of the logarithm of the hazard ratio, and the horizontal lines represent 95% confidence intervals.
